Introduction.
The multiple exchange model [1, 2] has provided a quantitative explanation for most present experimental data on bcc solid 3He at the melting molar volume. In this model cyclic three particle (J,) and four particle (Kp) exchange frequencies are of the same order of magnitude and other exchange processes (such as two particle transpositions) are neglected.
With the acquisition of new data at higher densities, important objections were recently raised against this model. Mamiya et al. [3] measured the ordering temperature T~1 and the coefficients of the high temperature specific heat series expansion Cv =0.25~(~/T~ 2013 e3/T 3 + e4/T 4); they found that T ~1, e2r2, e3~3, e4~4 all scale approximately on the same law v1112 . Devoret et al. [4] found that, in a wide volume range, the relaxation times T 1, T2 roughly follow this same law. Hata et al. [5] measured the magnetization M(T) versus temperature at several molar volumes 23 v 24.14 cm3/mole and observed that the relation between the reduced magnetization M/Mmax and the reduced temperature T/T, 1 is represented by a universal function. It was therefore argued that only one type of exchange should be significant. However, as shown in [1; 2] , the magnetic properties of bcc 3 He at the melting molar volume cannot be interpreted with only one dominant exchange process (either two, three or four particle permutations). Another suggestion [6] was that three and four particle exchange frequencies have exactly the same volume dependence, but this was at first sight difficult to understand on physical grounds.
New pressure measurements P(T, v, H) in magnetic field, by Van Degrift et al. [7] , recently provided accurate values of the derivative d8/dv of Care should be taken when comparing data on the quantity G(v) with data on its derivative dG/dv. We can write consistently with (1) The first order term in (2) : y = g(l) + 6~/~ depends on both first and second order terms in (1) . The procedure used in [7] [7] and recent results obtained by T. Hata et al. [5] .)" [7] . The curvature c = g~2~/g~l~ is increased from -1 (power law fit (a)) to + 6 (curve d [21] , from the raw data of Van Degrift et al. [7] .
(We do not use experimental values of 0 which still lead to controversies.)
We analyse the variations of the three particle (J,) and four particle (Kp) exchange frequencies with the density within the multiple exchange model.
We denote the logarithmic derivatives of the exchange frequencies by :
(all derivatives are taken at vo = 24 cm3/mole), and the ratio between Jt, Kp by K = J,/Kp. [26] proposed a rough elastic model where an effective potential barrier for tunnelling is estimated from the experimental pressure and compressibility of bcc 3He. The same idea was formulated more recently by Avilov and Iordansky [11] with a more careful optimization of the tunnelling path; they use the WKB expansion described above with an effective potential V (r) which is estimated from the experimental results on the elastic properties of bcc 3He.
A remarkable experimental fact is that all quantities related to the elastic properties of solid 3He (or 4He) seem to scale according to universal power laws in terms of the molar volume v. For example pressure and compressibility vary as v-s, the Debye frequency varies as v-7/3... [10, 11, 17] . Using these results, the effective potentials V (r) estimated by [11, 26] (Z is the number of equivalent tunnelting paths and ne the number of exchanging particles).
We must emphasize that this functional form [7, 8] represents essentially the lowest order terms of a high density series expansion in powers of a/ ~. For the densities of bcc 3He the kinetic energy of the particles is of the same order of magnitude as the potential energy and the application of this formula based on the WKB approximation might be suspect. However it is interesting to compare its predictions for the Gruneisen constants a', /3' to the value deduced from the experiments (cf. § 4).
The factors A p corresponding to different kinds of exchange (three, four particle exchanges) only differ by a factor close to one and the hierarchy between the exchange frequencies is essentially governed by the exponent Sp in the exponential. If we compare three and four particle exchange, we can write from [7] where S3 and S4 denote the constant Sp for three and four particle exchange respectively. We deduce Ĩ f we now consider the results of the preceding paragraph (Fig. 3) we find that this relation (9) is approximately verified for ~ ~ 0.34, corresponding to 0 --1.9 mK, in good agreement It is important to check if these values are consistent with relation 7, keeping in mind that it gives only the order of magnitude of Jp. We take the estimate of A p proposed by Avilov For the second derivatives we predict from [7, 8] leading to P"/P' = -2.9 ; we obtain roughly the same value for o~/x'. The values o~/oc' ~ -1.5 and /~/~ ~ 2013 4.5 deduced from figure 3 at K = 0.34 disagree with the predictions of [7, 8] . This means that corrections to [7, 8] 
